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outermost layer may comprise ceramic tiles. 

[0006] In a further aspect of the present invention, a 
method for assembling a vehicle body or portion thereof 
according to claim 13 is provided. The method comprises 
applying a plasma coating to one side of each of a plurality 
of steel panels to form a plurality of plasma coated steel 
panels; welding together less than all of the plurality of 
plasma coated steel panels to form a steel shell with an 
opening; applying a contact adhesive to an interior sur- 
face of the steel shell; contacting a plurality of composite 
preforms to the contact adhesive to thereby adhere the 
plurality of composite preforms to the interior surface of 
the steel shell, wherein each of the plurality of composite 
preforms comprises an epoxy and a plurality of fiber types 
and has a non-uniform fiber fraction; inserting a film into 
the steel shell; applying a vacuum to remove air between 
the film and the plurality of composite preforms to form 
a composite adhered steel shell; and heating the com- 
posite adhered steel shell in an oven to thereby cure the 
composite preforms. In a further aspect of the present 
invention, the method further comprises applying paint 
to the composite adhered steel shell during the step of 
heating the composite adhered steel shell in the oven. 
In still a further aspect of the present invention, the meth- 
od further comprises subsequent to the contacting step, 
welding the remaining one or more of the plurality of plas- 
ma coated steel panels to the steel shell to thereby close 
the opening. In still a further aspect of the present inven- 
tion, each of the plurality of the composite preforms is 
produced by a method that comprises applying an epoxy 
to elongate lengths of at least one fiber type; cutting the 
elongate lengths of the at least one fiber type and elon- 
gate lengths of others of the plurality of fiber types into 
shorter lengths of fiber to form a charge, wherein the 
applying step is carried out just prior to the cutting step; 
removing atleast a portion of air entrapped in the charge; 
and heating the charge to form a composite preform, 
wherein the composite preform has a non-uniform fiber 
fraction. 


BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] 


FIG. 1 is an isometric view of one embodiment of a 
multi-layer material of the present invention; 


FIG. 2 is a cross-sectional view along line A-A of the 
embodiment shown in FIG. 1; 


FIG. 3 is a detailed view of one embodiment of a 
polymeric honeycomb layer of a multi-layer material 
of the present invention; 


FIG. 4 is a detailed view of one embodiment of a 
spray coat applied to a hard metal layer of a multi- 
layer material of the present invention; 
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Description 
FIELD OF THE INVENTION 


[0001] Embodiments of the presentinvention generally 
relate to a multi-layer material that provides blast and 
projectile impact protection as described in EP0237095 
A. Other embodiments of the invention relate to vehicles 
made from such material, and methods for making the 
material. 


BACKGROUND OF THE INVENTION 


[0002] The need to provide blast and projectile impact 
protection for military, security, and police forces is well 
known. Military personnel need lightweight, fast, and 
maneuverable vehicles, but the vehicle occupants also 
need to be protected to the maximum extent possible. 
Conventional materials that provide structural support for 
a vehicle, as well as some measure of ballistic protection, 
include metals such as Rolled Homogeneous Armor 
(RHA) steel and aluminum, for example AL 7039. Such 
materials are not optimal for making a vehicle body, hull, 
fuselage or the like that is lightweight, an important mil- 
itary requirement with respect to transport, operability 
and lifecycle costs of military vehicles. Vehicles made 
from such materials become even heavier when aug- 
mented with further survivability enhancement systems 
such as ceramic tiles applied to the outer surface. 
[0003] Lightweight materials that can provide protec- 
tion from ballistic projectiles include fibers layered with 
thermoplastic resins, such as polypropylene and poly- 
ethylene, and the like. Such fibers include E-glass and 
S-glass fibers, woven KEVLAR®, such as K760 or Hex- 
form®, manufactured by Hexcel Corporation, non-woven 
Kevlar® fabric, manufactured by Polystrand Corporation. 
A significant drawback of such materials for military ve- 
hicles is cost - although fiber-reinforced plastic materials 
are lightweight, the unit cost tends to be significantly high- 
er than heavier alternatives such as steel. 

[0004] Thus, there is a need in the art for a lightweight 
and cost effective material that can provide both struc- 
tural support for a vehicle, as well as blast and projectile 
impact protection. 


BRIEF SUMMARY OF THE INVENTION 


[0005] In one aspect, the present invention provides a 
multi-layer material that provides blast and projectile im- 
pact protection according to claim 1. The multi-layer ma- 
terial may comprise two sub-layers. One of the sub-layers 
may comprise a hard metal layer, a composite layer, an 
air gap layer, and an innermost layer. The hard metal 
layer is preferably a steel layer, and the innermost layer 
is preferably selected from aramid fibers, aromatic polya- 
mide fibers, and ultra-high molecular weight polyethyl- 
ene. The other sub-layer may preferably comprise a pol- 
ymeric honeycomb layer and an outermost layer. The 


3 EP 2 844 951 1 4 


protection. Other embodiments of the invention relate to 
vehicles made from such material, and methods for mak- 
ing the material. The multi-layer material of the present 
invention advantageously provides a lightweight and cost 
effective material that can provide both structural support 
for a vehicle, as well as blast and projectile impact pro- 
tection. As described in more detail below, the use of the 
composite material of the present invention in conjunc- 
tion with a layer of hard metal such as bainite steel ad- 
vantageously provides a multi-layer structural and ballis- 
tic protection material significantly lighter in weight, on 
the order of one-half of the weight of conventional struc- 
tural and ballistic panels for a given threat level. The multi- 
layer material of the present invention advantageously 
provides structural and ballistic protection significantly 
lighter in weight than both conventional steel and alumi- 
num solutions, providing a weight savings on the order 
of 40-50% without sacrificing ballistic protection. 

[0009] An isometric view of one embodiment of a multi- 
layer material 100 of the present invention is shown in 
FIG. 1, and a cross-sectional view along line A-A is shown 
in FIG. 2. Multi-layer material 100 of the present invention 
may comprise two sub-layers, sub-layer 110 and sub- 
layer 120. As explained in more detail below, sub-layer 
110 may comprise a hard metal layer 111, a composite 
layer 113, an air gap layer 115, and an innermost layer 
117. Sub-layer 120 may comprise a polymeric honey- 
comb layer 122 and an outermost layer 124. As shown 
in FIG. 1, arrow 102 indicates a direction of impact from 
a projectile, such as a ballistic projectile. Outermost layer 
124 comprises an impact receiving side 126 that faces 
the direction of impact, and an inner side 128. A projectile 
impacting multi-layer material 100 proceeds from impact 
receiving side 126 of outermost layer 124 in an inward 
direction toward inner side 128. 

[0010] As illustrated in FIGS. 1 and 2, sub-layer 110 
comprises a hard metal layer 111. Hard metal layer 111 
is preferably a steel layer. A preferred type of steel is 
bainite steel having a bainite microstructure, such as 
Flash Bainite 4130 described at www.bainitesteel.com, 
and available through Sirius Protection, LLC, Washing- 
ton Twp., Michigan. Other types of steel that may be used 
include high strength steel, high hard steel, high hard 
Military steel, and RHA (Rolled Homogeneous Armor) 
steel. A bainite steel is preferred because of its superior 
material properties (higher tensile strength with good 
ductility and toughness) and for the same ballistic per- 
formance can be thinner, and, therefore, lighter. In one 
preferred embodiment, hard metal layer 111 is a bainite 
steel layer that is about 4 to about 6 mm in thickness. 
[0011] In a preferred embodiment, a side of hard metal 
layer 111 is plasma coated to provide texture, like a sand 
paper type surface, to improve the bonding of composite 
layer 113 to hard metal layer 111. The plasma coating is 
preferably disposed on a side of hard metal layer 111 
facing composite layer 113. FIG. 4 illustrates a photo- 
graph of a plasma coating 411 applied to a steel layer, 
such as hard metal layer 111. As would be understood 
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FIG. 5A is one embodiment of a wheeled vehicle 
made from a multi-layer material of the present in- 
vention; 


FIG. 5B is one embodiment of a tracked vehicle 
made from a multi-layer material of the present in- 
vention; 


FIG. 5C is a top cutaway view of an interior of a ve- 
hicle made from a multi-layer material of the present 
invention; 


FIG. 6A is an isometric view of one embodiment of 
an apparatus for cutting fibers that may be used in 
the production of a composite material of the present 
invention; 


FIG. 6B is an alternate embodiment of a housing that 
may be used with the apparatus shown in FIG. 6A; 


FIG. 6C is an isometric view of another embodiment 
of an apparatus for cutting fibers that may be used 
in the production of a composite material of the 
present invention; 


FIG. 6D is a view of the underside of a portion of the 
apparatus shown in in FIG. 6C; 


FIG. 7 is across-section of an apparatus for dispens- 
ing epoxy paste useful in the production of a com- 
posite material of the present invention; 


FIG. 8 is an exploded isometric view of a tool useful 
in the production of a composite material of the 
present invention; 


FIG. 9A is an illustration of carbon and glass fibers 
after cutting by an apparatus such as that shown in 
FIG. 6; 


FIG. 9B is an illustration of carbon and glass fibers 
after vacuum compression in an apparatus such as 
that shown in FIG. 8; 


FIG. 10A is a hard metal sheet blank in a two-dimen- 
sional state; 


FIG. 10B is the hard metal sheet blank of FIG. 10A 
after folding around fold lines A-A and B-B; and 


FIG. 11 is a cross-sectional view of an exemplary 
portion of a vehicle body comprising a multi-layer 
material of the present invention during assembly. 


DETAILED DESCRIPTION OF THE INVENTION 


[0008] Embodiments of the presentinvention generally 
relate to material that provides blast and projectile impact 
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cracks in the resin and stretching of the fibers. 

[0014] In one embodiment of the present invention, the 
fiber portion of composite layer 113 is approximately 2/3 
by weight and the epoxy or resin portion is approximately 
1/3 by weight. In such an embodiment, a composite layer 
having a fiber portion that is 50% by weight carbon fiber 
and 50% by weight glass fiber will be approximately 1/3 
by weight carbon fiber, 1/3 by weight glass fiber, and 1/3 
by weight epoxy. Generally, the "drier" the composite ma- 
terial (drier referring to lower resin content), the better 
the ballistic performance because more fibers can move 
and stretch as there is less resin present to hold the fiber 
in place. Composite layer 113 has to have enough resin 
to keep its structural integrity, and a lower limit on the 
percent by weight of the resin portion of composite layer 
113 is on the order of about 23%. 

[0015] Innermost layer 117 is spaced apart from out- 
ermost layer 124 in an inward direction, that is, proceed- 
ing in the direction of impact 102. It is desirable for inner- 
most layer 117 to exhibit high strain to failure, allowing 
the material to stretch and absorb energy, to be low 
weight and moisture resistant. Innermost layer 117 pref- 
erably functions as a spall liner for providing ballistic pro- 
tection. Innermost layer 117 is preferably formed from 
ballistic material that may include plies of aramid or aro- 
matic polyamide fibers such as KEVLAR® aramid con- 
solidated within a thermoset or thermoplastic material. 
Innermost layer 117 may also be high performance and 
high modulus polyethylene such as DYNEEMA® or 
Spectra Shield®, or other high strength ballistic fiber ma- 
terial in consolidated or unconsolidated (soft) form. In- 
nermost layer 117 preferably comprises ultra-high mo- 
lecular weight polyethylene (UHMwPE), which may be 
in the form of fibers. A preferred type of UHMwPE is 
DYNEEMA®, available from DSM and described at 
www.dyneema.com. The UHMwPE may be pressed into 
a sheet or molded into soft shapes. Alternatively, inner- 
most layer 117 may be made from aramid fibers, such 
as KEVLAR® aramid fibers available from DuPont, which 
may also be pressed into a sheet or molded into soft 
shapes. In one preferred embodiment, innermost layer 
117 is about 6 mm in thickness. 

[0016] Inthe embodiment illustrated in FIGS. 1 and 2, 
air gap layer 115 is disposed between innermost layer 
117 and composite layer 113. As will be explained in 
more detail below, air gap layer 115 advantageously im- 
proves resistance to projectile penetration by providing 
space into which any delamination of composite layer 
113 can move. In one preferred embodiment, air gap 
layer 115 is about 12 mm in thickness. In alternative em- 
bodiments of the multi-layer material of the present in- 
vention, air gap layer 115 is omitted. Air gap layer 115 
provides space in which the round or projectile can tum- 
ble, thereby increasing the surface area of the round or 
projectile that impacts innermost layer 117. 

[0017] As illustrated in FIGS. 1 and 2, sub-layer 120 
comprises a polymeric honeycomb layer 122 and an out- 
ermost layer 124. As discussed in more detail below, 
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by one skilled in the art, plasma coating 411 (which may 
be referred to herein as a "spray coat") is created by 
droplets of metal sprayed at hard metal layer 111. The 
spray coat or plasma material is preferably aluminum or 
stainless steel, and is approximately 60 microns thick. 
The spray coat can be applied by conventional spray 
coating techniques known to one skilled in the art. Plasma 
coating 411 improves the bonding of composite layer 113 
to hard metal layer 111 so that, for example, as a steel 
layer returns to shape after impact by a projectile, the 
composite returns to shape with it, rather than delami- 
nating. As would be readily apparent to one skilled in the 
art, plasma coating 411 may be of different levels of 
coarseness, with various grades of roughness, such as 
60 grit sandpaper or other texture grades or roughness. 
Applying plasma coating 411 also advantageously burns 
off any contaminants from the steel, such as oil or slag. 
[0012] Composite layer 113 is preferably a composite 
formed from a plurality of fiber types and an epoxy. Ina 
preferred embodiment, the plurality of fiber types com- 
prises carbon fiber and glass fiber. As known to one 
skilled in the art, epoxy, also known as polyepoxide, is a 
thermosetting polymer formed from reaction of an epox- 
ide "resin" with polyamine "hardener." A preferred meth- 
od of making composite layer 113 is described in more 
detail below. As described in more detail below, compos- 
ite layer 113 preferably has a non-uniform fiber fraction. 
In one preferred embodiment, composite layer 113 is 
about 19 mm in thickness. As explained in more detail 
below with respect to assembly of a vehicle body and in 
conjunction with FIG. 11, composite layer 113 is proc- 
essed under vacuum against plasma coating 411; heat 
is applied while under vacuum that causes the resin to 
flow, thereby wetting out the fibers and plasma coating 
411, causing the resin to flow into the plasma coating. 
As the resin cures, it forms a permanent bond between 
composite layer 113 and plasma coating 411. 

[0013] Onaweight basis, composite layer 113 may be 
divided into two portions - one portion where the weight 
is attributable to the fibers (a fiber portion) and a second 
portion where the weight is attributable to the epoxy or 
resin (a resin portion). In one embodiment, the fiber por- 
tion of composite layer 113 is 50% by weight carbon fiber 
and 50% by weight glass fiber, or in other words, a weight 
ratio of carbon fiber to glass fiber of 1:1. In another em- 
bodiment, the fiber portion of composite layer 113 is 40% 
by weight carbon fiber and 60% by weight glass fiber, or 
in other words, a weight ratio of carbon fiber to glass fiber 
of 1:1.5. As would be readily apparent to one skilled in 
the art, other weight ratios of carbon fiber to glass fiber 
could be used in composite layer 113. In one embodi- 
ment, ceramic flakes, such as irregularly shaped platelets 
or flakes, are provided near or at the surface of composite 
layer 113 facing air gap layer 115 to increase the surface 
area through which the projectile or ballistic round will 
have to travel, to change the direction of travel of the 
projectile or round, and to provide a larger area of dela- 
mination in which energy is absorbed by allowing micro- 
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honeycomb layer 122 being about 40 mm in thickness, 
and outermost layer 124 being about 12 mm in thickness. 
[0020] The multi-layer material of the present invention 
advantageously provides both blast and projectile impact 
protection. In one embodiment of the invention, the multi- 
layer material is used for a vehicle body or hull, vessel 
hull, or aircraft fuselage, such as those used by the mil- 
itary, police, or security forces. A blast threat can be 
posed, for example, by amine oran Improvised Explosive 
Device, while a projectile impact threat can be posed by 
ballistic ordnance, rounds, bullets and the like. In order 
to both mitigate blast pressure and resist projectile pen- 
etration, a material must exhibit both stiffness and hard- 
ness. In order to successfully mitigate blast pressure, as 
well as resist penetration by ballistic projectiles, the multi- 
layer material of the present invention was developed to 
achieve an estimated Vg, of 3500 ft./s (feet per second) 
for a 20 mm FSP (Fragment Simulation Projectile). As 
would be readily apparent to one skilled in the art, "Veo" 
refers to the velocity at which a specified projectile has 
a 50% chance of penetrating an armor panel. 

[0021] Feasibility testing was conducted on samples 
of exemplary embodiments of the multi-layer material of 
the present invention to determine its ballistic perform- 
ance. The testing included 20 mm FSP testing followed 
by small arms armor piercing (AP) rounds in conjunction 
with an armor layer. Sample panels were tested using a 
sub-layer 110 of a hard metal layer of Bainite Flash 4130 
Steel supplied by Sirius Protection, LLC, a composite 
layer of 50% by weight carbon fiber and 50% by weight 
S-2 glass fiber having a non-uniform fiber fraction, no air 
gap layer, and an innermost layer of DY NEEMA® HB 80. 
The steel layer was bonded to the composite layer using 
Zyvex Epovex two-part epoxy adhesive. The 20 mm Vso 
for a sample panel having a steel layer of 4" and a com- 
posite layer Y." was 3616 ft./s. The 20 mm و۷‎ for a sam- 
ple panel having a steel layer of 3/16" and a composite 
layer of 1" was 3589 ft./s. 

[0022] Additional testing was conducted with an armor 
layer of Saint-Gobain Hexoloy® SA Silicon Carbide ce- 
ramic tiles bonded to a polymeric honeycomb layer as 
described above and shown in FIG. 3. The polymeric 
honeycomb layer was 19 mm in thickness, and was made 
from polycarbonate with 600 gm/m? of a 2x2 E-glass and 
670 gm/m? of snap cure epoxy. The ceramic tiles were 
bonded to the polymeric honeycomb layer using Zyvex 
Epovex two-part epoxy adhesive. Two thicknesses 
(0.262" and 0.30") of ceramic tiles were tested. The ar- 
mor layer was clamped over the sub-layer 110. The 
Ya" 5166۱/۷2۳ composite layer panel was overlaid with a 
5.13 psf (pounds per square foot) armor layer using the 
0.262" ceramic tiles, and the armor piercing round fully 
penetrated the ceramic tiles, but did not penetrate the 
steel layer. The 3/16" steel/1" composite layer panel was 
overlaid with a 4.23 psf (pounds per square foot) armor 
layer using the 0.30" ceramic tiles, and the armor piercing 
round penetrated the ceramic tiles and the steel, and 
imbedded within the composite layer. 
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sub-layer 120 may also be referred to as an armor layer. 
Outermost layer 124 is preferably a ceramic tile layer 
comprising a plurality of ceramic tiles 125. Ceramic tiles 
125 are preferably made from silicon carbide, for exam- 
ple, Hexoloy® SA Silicon Carbide tiles available from 
Saint-Gobain Ceramics that provide high hardness and 
compressive strength, yet are light weight. In the embod- 
iment illustrated in FIGS. 1 and 2, polymeric honeycomb 
layer 122 is disposed between hard metal layer 111 and 
inner side 128 of outermost layer 124. In an alternate 
embodiment, a second air gap layer may be disposed 
between hard metal layer 111 and polymeric honeycomb 
layer 122. Polymeric honeycomb layer 122 may be bond- 
ed to outermost layer 124 using, for example, a rubber- 
ized adhesive that will survive shock and rapidly chang- 
ing temperatures, such as for example, the two-part Zy- 
vex Epovex epoxy adhesive. The material for polymeric 
honeycomb layer should be stiff enough to prevent ce- 
ramic tiles 125 from cracking when subject to impact from 
a projectile. Moreover, polymeric honeycomb layer 
should provide space in which the projectile or round can 
tumble, thereby increasing the distance the projectile has 
to travel in order to penetrate the layer. In a preferred 
embodiment, polymeric honeycomb layer is made from 
polycarbonate or polyetherimide. As illustrated, for ex- 
ample, in FIGS. 1 and 3, polymeric honeycomb layer 122 
comprises a plurality of individual cylindrically shaped 
voids or cells 123. Preferred polymeric honeycomb layers 
are available from Tubus Bauer as described at www.tu- 
bus-bauer.com. As would be readily apparent to one 
skilled in the art, cell size and thickness play a role in 
selecting a material for polymeric honeycomb layer 122. 
Smaller cell size may provide a small increase in com- 
pressive strength of the layer without any increase in 
overall density, but performance when distorted or 
crushed should be considered. In one preferred embod- 
iment, polymeric honeycomb layer 122 is about 40 mm 
in thickness, and cells 123 are 6 or 7 mm in diameter. In 
such an embodiment, outermost layer 124 is about 12 
mm in thickness. 

[0018] In one embodiment, ceramic pellets, such as 
balls, spheres, or other shapes, are included within pol- 
ymeric honeycomb layer 122. As shown, for example, in 
FIG. 3, ceramic pellets 121 are disposed within cells 123. 
Pellets 121 may take on a variety of shapes, including 
square, rectangular, round, triangular, and include irreg- 
ularly shaped pellets. Pellets 121 are advantageously 
provided in polymeric honeycomb layer 122 as they may 
function to turn projectiles or tumble the round reaching 
that layer, thereby increasing the distance the projectile 
has to travel in order to penetrate the layer. 

[0019] In one preferred embodiment of the multi-layer 
material 100 illustrated in FIGS. 1 and 2, a thickness of 
a cross-section of all layers is less than about 100 mm, 
with innermost layer 117 being about 6 mm in thickness, 
air gap layer 115 being about 12 mm in thickness, com- 
posite layer 113 being about 19 mm in thickness, hard 
metal layer 111 being about 6 mm in thickness, polymeric 
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foot. Advantageously, the multi-layer material of the 
present invention, such as sub-layer 110, provides struc- 
tural and ballistic protection significantly lighter in weight 
than both conventional steel and aluminum solutions, 
providing aweight savings on the order of 40-50% without 
sacrificing ballistic protection. 

[0026] As described above, innermost layer 117 of 
sub-layer 110 may be molded into soft shapes. In one 
embodiment of a vehicle of the present invention, inner- 
most layer 117 is molded to form one or more trim items 
in an interior of the vehicle. Such trim items include, but 
are not limited to, door trim, inside door panels, and the 
like. Exemplary trim items 540 are illustrated in FIGS. 
5A-5C. In such an embodiment, the trim items form part 
of the ballistic solution for debris that may have penetrat- 
ed through to the innermost layer. The trim formed from 
such materials as DYNEEMA® and KEVLAR® function 
as a form of "catcher mitt" for this debris, while also func- 
tioning as trim items on the interior of the vehicle. 
[0027] In other embodiments of the present invention, 
methods for making the multi-layer material are provided. 
The present invention embodies a manufacturing proc- 
ess which eliminates costly operations of traditional car- 
bon fiber composites. The present invention begins with 
the spool of carbon fiber. Traditional carbon fiber com- 
posites require the fabrication of the carbon fiber threads 
into a textile which is then utilized to manufacture the 
composite layer. This textile operation is not required in 
the present invention. Further, traditional composites re- 
quire a time consuming layering of the textile and the 
epoxy while the present invention composes the com- 
posite medium through a spraying method. 

[0028] In one aspect of the invention, a method for 
making composite layer 113 of multi-layer material 100 
is provided. Turning now to FIG. 6A, an apparatus 600 
for cutting fibers, including carbon and glass fibers useful 
in the production of composite layer 113, is illustrated. 
Exemplary fibers include TORAYCA® brand carbon fib- 
ers available from Toray Industries in Japan, such as the 
T700G carbon fibers (12,000 filaments), and S-2 glass 
fibers available from AGY, headquartered in South Caro- 
lina. Elongate lengths of fibers to be cut into shorter fiber 
lengths are fed into cutting apparatus 600. The elongate 
lengths of fibers are typically continuous lengths of fiber 
being fed from a bobbin, spool, or other source as known 
to one skilled in the art. The elongate lengths of fibers 
are fed into cutting apparatus 600 through apertures or 
fiber feed holes in a fiber feed block 606. In one embod- 
iment, carbon fibers are fed into carbon fiber feed hole 
602 and glass fibers are fed into glass fiber feed hole 604 
in a manner readily apparent to one skilled in the art. 
Alternatively, both the carbon and the glass fibers could 
be fed into a single feed hole. The carbon fibers can be 
fed as a carbon fiber bundle, the bundle including a plu- 
rality of carbon fibers. Exemplary carbon fiber bundles 
may include from about 3,000 carbon fibers to about 
12,000 carbon fibers. In one embodiment of the present 
invention, a weight ratio of carbon fiber to glass fiber in 
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[0023] Multi-layer material 100 may be used in the con- 
struction of vehicles, particularly in the construction of 
vehicles subject to blast pressure and impact from bal- 
listic projectiles, such as military, police, or security ve- 
hicles. Such vehicles include, but are not limited to, 
wheeled or tracked vehicles, vessels such as ships and 
boats, and aircraft. In one embodiment of the present 
invention, a vehicle is provided that comprises a vehicle 
body that mitigates blast pressure and resists projectile 
penetration. Exemplary vehicles are illustrated in FIGS. 
5A and 5B. As shown in FIG. 5A, vehicle 500 includes a 
vehicle body 510 and a plurality of wheels 520. Preferably 
vehicle body 510 is made from sub-layer 110 as de- 
scribed in detail above. Vehicle 500 may also comprise 
an armor layer, such as sub-layer 120 as described in 
detail above. As would be apparent to one skilled in the 
art, such an armor layer for a military vehicle may be 
referred to as a "B-Kit." Another exemplary vehicle is il- 
lustrated in FIG. 5B. Vehicle 500 shown in FIG. 5B also 
preferably includes a vehicle body 510 made from sub- 
layer 110, and may also include an armor layer such as 
sub-layer 120. The embodiment shown in FIG. 5B is a 
tracked vehicle, which comprises a continuous track 530 
for movement of the vehicle. 

[0024] As would be readily apparent to one skilled in 
the art, vehicles 500 shown in FIGS. 5A and 5B would 
include other components necessary for an operational 
vehicle, such as, for example, an engine, drive train, elec- 
trical system and the like. Such components could readily 
be incorporated by one skilled in the art into a vehicle 
using vehicle body 510 of the present invention. 

[0025] In one embodiment of vehicle 500 of the present 
invention, the vehicle is of monocoque construction so 
that vehicle body 510 carries a majority of the stresses 
on the vehicle. In an embodiment such as that shown in 
FIG. 5A, the vehicle chassis or frame may be integral 
with vehicle body 510. The multi-layer material of the 
present invention functions as both a structural material 
for the vehicle, and as material that mitigates blast pres- 
sure and resists projectile penetration. The use of com- 
posite layer 113 in conjunction with hard metal layer 111 
in sub-layer 110 advantageously provides a multi-layer 
structural and ballistic protection material significantly 
lighter in weight, on the order of one-half of the weight of 
conventional structural and ballistic panels for a given 
threat level. For example, a sub-layer 110 made from an 
innermost layer 117 of about 6 mm of DYNEEMA® HB 
80, composite layer 113 of about 12.7 mm made from 
50% by weight carbon fiber and 50% by weight S-2 glass 
fiber, hard metal layer 111 of about 6 mm of bainite steel 
(Bainite Flash 4130 Steel supplied by Sirius Protection, 
LLC) has an areal density 15.12 pounds per square foot 
for a threat level defined as a و۷‎ of 3500 ft./s (feet per 
second) for a 20 mm FSP. In contrast, an all RHA steel 
solution for the same threat level would be 21 mm thick 
and have an areal density of 33.9 pounds per square 
foot. An all-aluminum (AL 7039) solution for the same 
threat level has an areal density of 25 pounds per square 
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with two knives installed, and 60 mm with three knives 
installed. Prior to commencing a cutting operation, cutting 
apparatus 600 is configured with an appropriate number 
of knives 622 to provide the desired cut length for the 
fibers. As readily apparent to one skilled in the art, other 
circumferences of knife roller 620 could be used, and 
knife roller 620 could be configured with a different 
number of knives 622. 

[0032] As would be readily apparent to one skilled in 
the art, cutting apparatus 600, as well as cutting appa- 
ratus 601 described in more detail below with respect to 
FIG. 6C, could be configured to be robotically controlled 
to provide consistent and reproducible cutting of the fib- 
ers. Cutting apparatus 600 could be mounted to a robotic 
control apparatus through a mounting shown generally 
at 610 in FIG. 6A Cutting apparatus 600 could be con- 
figured so that the robotic control moves cutting appara- 
tus 600 relative to the mold for forming the composite 
material, or cutting apparatus 600 could be fixed, and the 
mold moved relative to the cutting apparatus. Fixing the 
cutting apparatus and moving the mold for forming the 
composite material advantageously allows the use of a 
plurality of cutting machines for large parts, and provides 
asimpler and more uniform feed of the fibers to the cutting 
apparatus. 

[0033] An alternate housing 682 for apparatus 600 is 
shown in FIG. 6B. Housing 682 provides a rectangular 
discharge aperture 684 for the fibers, thereby enabling 
at least a portion of the fibers discharged from the cutting 
apparatus to be aligned. In contrast to housing 680 shown 
in FIG. 6A, housing 682 does not include air movers 670 
(the holes illustrated in FIG. 6B are mounting holes en- 
abling housing 682 to be mounted on cutting apparatus 
600 shown in FIG. 6A). As such, cut fibers exit cutting 
apparatus 600 by falling through discharge aperture 684. 
By configuring cutting apparatus 600 to move (through 
operation of, for example, robotic control) the cut fibers 
can be dragged in the direction of travel of the apparatus 
as the fibers exit discharge aperture 684, thereby provid- 
ing alignment of at least a portion of the fibers. Although 
such a process for providing cut fibers having a degree 
of alignment may be slow, advantageously one cutting 
apparatus 600 can be used to provide both random cut 
fibers (when configured with housing 680) and cut fibers 
comprising a portion that are aligned (when configured 
with housing 682 shown in FIG. 6B). 

[0034] Another embodiment of an apparatus for cutting 
fibers that may be used in the production of a composite 
material of the present invention is shown in FIG. ۰ 
Cutting apparatus 601 shown in FIG. 6C produces cut 
fibers that are aligned at a much faster rate than the con- 
figuration shown in FIG. 6B. However, cutting apparatus 
601 shown in FIG. 6C can only produce aligned cut fibers, 
and cannot produce random cut fibers, whereas appa- 
ratus 600 shown in FIG. 6A can be used to produce both 
random and aligned fibers, depending upon which hous- 
ing is used - 680 for random and 682 shown in FIG. 6B 
for aligned. 
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composite layer 113 is 1:1. Given that carbon is approx- 
imately half the weight of glass, a weight ratio of about 
1:1 can be achieved by feeding two carbon fibers into 
feed hole 602 for every one glass fiber fed into feed hole 
604. As would be apparent to one skilled in the art, the 
quantity of carbon fiber in relation to glass fiber can be 
adjusted to achieve a desired weight ratio of carbon fiber 
to glass fiber in composite layer 113. For example, the 
quantity of glass fibers in relation to carbon fibers could 
be increased to achieve a weight ratio of carbon fiber to 
glass fiber of about 1:1.5. In one embodiment, the elon- 
gate lengths of carbon and glass fiber are preferably cut 
by cutting apparatus 600 to shorter lengths in the range 
of approximately 14 mm to 180 mm. As would be readily 
apparent to one skilled in the art, the elongate lengths of 
fiber may be cut to shorter lengths less than 14 mm or 
greater than 180 mm. 

[0029] In other embodiments of the present invention, 
other fiber types may be used in addition to, or instead 
of, carbon and glass, for example, aramid fibers such as 
KEVLAR® fibers, or thermoplastic fibers, such as ultra- 
high molecular weight polyethylene, such as DYNEE- 
MA®, or nylon fibers. As would be readily apparent to 
one skilled in the art, apparatus 600 could be configured 
with additional feed holes to accommodate the use of 
additional fiber types. 

[0030] Cutting apparatus 600 includes feed rollers 660 
and 662, pressure roller 640, and knife roller 620. Feed 
roller 660 pivots based upon the thickness of the fibers 
being fed into the apparatus, while feed roller 662 re- 
mains fixed. Knife roller 620 may be configured with a 
plurality of knives 622. As shown in FIG. 6A, knife roller 
620 may be configured with up to ten (10) knives 622. 
Knives 622 are preferably made from ceramic, high 
speed steel or other suitable material. Pressure roller 640 
is preferably made from rubber, and is the surface against 
which the knives are chopping or cutting the fibers. Cut 
fibers are fired from cutting apparatus 600 under velocity 
from air movers 670 through holes (not shown) in the 
under portion of housing 680. As such, cutting apparatus 
600 can be configured in the orientation shown in FIG. 
6A, or rotated 90° in its orientation. In either the orienta- 
tion shown in FIG. 6A, with the fibers being propelled 
downward toward a tool or mold surface, or rotated 90° 
with the fibers being propelled outward parallel to a tool 
or mold surface, the fibers are deposited on the tool or 
mold surface with loft supplied by the entrapped air from 
air movers 670. 

[0031] The circumference of knife roller 620 deter- 
mines the maximum length of the cut fiber that can be 
achieved with cutting apparatus 600. In an exemplary 
embodiment, the circumference of knife roller 620 is 180 
mm, and can be configured with 10 knives 622. As would 
be apparent to one skilled in the art, in such an embod- 
iment, the longest cut length of the fiber is 180 mm (one 
knife installed in knife roller 620), and the shortest cut 
length is 18 mm, if all 10 knives are installed in knife roller 
620. Similarly, a cut length of 90 mm can be achieved 
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rather than by the direction of travel ofthe cutting appa- 
ratus, as was the case with respect to cutting apparatus 
600 configured with housing 682 shown in FIG. 6B. As 
would be readily apparent to one skilled in the art, cutting 
apparatus 601 produces cut fibers only in an aligned ar- 
rangement while cutting apparatus 600 produces cut fib- 
er either random or aligned. Moreover, cutting apparatus 
601 can produce cut fibers in an aligned arrangement 
much faster than cutting apparatus 600. 

[0040] Composite layer 113 also preferably includes 
epoxy. In one embodiment of the invention, epoxy is ap- 
plied to the elongate lengths of fiber, and the fiber then 
rolled back onto the spool or bobbin that feeds a cutting 
device, such as cutting apparatus 600 or 601. If magnetic 
particles are to be used, such as cobalt particles, the 
magnetic particles can be screen printed on to the fiber 
in a manner known to one skilled in the art. One disad- 
vantage of such a method that requires rolling the fiber 
back onto the spool or bobbin is that the tension on the 
fiber may cause the epoxy to become tacky enough to 
stick to the fiber layer above it on the spool. To overcome 
this disadvantage, a second method was developed to 
apply the epoxy as the elongate lengths of fiber are being 
continuously fed into the cutting apparatus. By applying 
the epoxy to the fibers just before the fibers enter the 
cutting apparatus, thatis, just prior to cutting, the problem 
associated with the fibers sticking was avoided. 

[0041] An apparatus 700 to apply the epoxy to the fib- 
ers as they enter the cutting apparatus is illustrated in 
FIG. 7. As shown in FIG. 7, a plunger 720 is used to push 
epoxy paste 740 through nozzle 760. Apparatus 700 may 
take a variety of shapes, such as round, square, rectan- 
gular, or other suitable shapes. Apparatus 700 may pref- 
erably be controlled through operation of a servo control, 
a connection for which is illustrated generally at 710 and 
known to one skilled in the art. In one embodiment, epoxy 
paste 740 includes fine particles of magnetic material, 
such as iron, nickel or cobalt, mixed in with the epoxy. 
The magnetic particles may be in the form of a powder, 
with particle sizes on the order of about 2-6 u. The mag- 
netic particles are preferably evenly dispersed within the 
epoxy fluid, making it more viscous, like a honey or paste. 
Cobalt powder particles are particularly preferred as they 
are more magnetic than nickel, do not rust like iron, and 
do not exhibit the safety concerns of pure cobalt powder 
when mixed with the epoxy fluid. As would be readily 
apparent to one skilled in the art, the selection of suitable 
epoxy will depend upon the environment to which the 
composite material will be exposed, particularly the upper 
temperature limit. Preferably, an epoxy is selected that 
has a glass transition temperature (Tg) lower than the 
upper temperature limit to which the composite material 
will be exposed. Suitable epoxy materials are available 
from, for example, Huntsman Advanced Materials or 
Hexcel. Alternatively, a vinyl ester (blend of epoxy and 
polyester) or a thermoplastic (such as nylon) could be 
used in place of an epoxy. 

[0042] In operation, the epoxy paste is applied to a 
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[0035] Cutting apparatus 601 contains a number of 
components similar to those used in cutting apparatus 
600 shown in FIG. 6A, including feed rollers 660 and 662, 
knife roller 620 with knives 622, pressure roller 640, and 
housing 680. Cutting apparatus 601 also includes fiber 
feed block 606 and feed holes 602 and 604 (not shown 
due to the orientation of cutting apparatus illustrated in 
FIG. 6C). Rather than fire cut fiber under velocity from 
air movers like cutting apparatus 600, cutting apparatus 
601 includes a fiber discharge assembly 690 that is cou- 
pled to housing 680 through a tube 603. 

[0036] Fiber discharge assembly 690 includes a pair 
of pivoting doors 694 coupled to mounting body 696. As 
shown in FIG. 6D, fiber discharge assembly includes an 
electrical coil 693 around the circumference of slot 695. 
A cut fiber 691 exiting fiber discharge assembly 690 is 
shown in FIGS. 6C and 6D. Cut fiber enters fiber dis- 
charge assembly 690 in a direction (shown by arrow 605 
in FIG. 6C) parallel to the longitudinal axis of slot 695. 
Cut fiber undergoes a 90 degree change of direction 
(shown by arrow 607 in FIG. 6C) to be fired at the surface 
of a mold or tool, exiting from fiber discharge assembly 
through slot 695 as shown in FIG. 6D. 

[0037] Fiber discharge assembly 690 relies upon the 
presence of magnetic particles on the fibers fed into cut- 
ting apparatus 601 passing through electrical coil 693 to 
accelerate the fibers out the apparatus. The magnetic 
particles may include cobalt, which is ferromagnetic. 
Methods for applying magnetic particles to fibers fed into 
cutting apparatus 601 will be explained in more detail 
below with respect to FIG. 7. Cutting apparatus 601 in- 
cludes a solenoid 692 that produces a magnetic field. To 
release fibers from cutting apparatus 601, pivoting doors 
694 are opened by pivoting them outwardly from mount- 
ing body 696 whereupon the cut fibers with the magnetic 
particles will accelerate through slot 695 in the direction 
indicated by arrow 607 in FIG. 6C. 

[0038] The magnetic field produced by solenoid 692 
will tend to align the magnetic fields of the magnetic do- 
mains within the magnetic particles of cut fiber 691 along 
the direction of the magnetic field produced by solenoid 
692. Because cut fiber 691, which is now magnetized 
through action of solenoid 692, is in motion, the flux of 
its magnetic field through a surface bounded by electrical 
coil 693 (e.g., the surface formed on the plane of electrical 
coil 693) will vary, inducing a current within electrical coil 
693. The magnetic field produced by this induced current 
will be in a direction that tends to oppose the change in 
magnetic flux through the surface bounded by electrical 
coil 693 that is generated by the motion of magnetized 
cut fiber 691. The net effect is that cut fiber 691 will be 
repelled by and ejected through electrical coil 693 and 
slot 695. 

[0039] As such, cut fibers exiting from cutting appara- 
tus 601 are aligned in the direction of orientation of fiber 
discharge assembly 690. The orientation of the alignment 
of the cut fibers is determined by the angle of discharge 
assembly 690 relative to the surface of the mold or tool, 
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700 of the present invention is preferred as it eliminates 
the steps of preparing the epoxy powder, and likely allows 
the epoxy to be applied to the fibers more quickly than 
by spraying epoxy powder. 

[0045] Fibers to which particles have been applied will 
be carrying more mass than fibers without particles. For 
cobalt particles, the mass increases by about 4%. In an 
embodiment of the invention in which the fibers having 
the cobalt particles are aligned, the aligned fibers have 
increased mass. Because tensile strength increases with 
alignment, it is believed that such aligned fibers would 
provide increased ballistic protection. The use of mag- 
netic particles on the fibers also advantageously allows 
the use of magnets on the mold or tool to hold the align- 
ment of the fibers (up to about 4mm in thickness) set by 
the orientation of, for example, fiber discharge assembly 
690. 

[0046] The use of a cutting apparatus such as cutting 
apparatus 601 shown in FIG. 6C advantageously allows 
for the use of a plurality of such devices with multiple 
feeds of fiber into each cutting apparatus that can be 
staggered (when viewed in plan) so that the ends of the 
cut fibers are not in a straight line. In such a staggered 
configuration of aligned fibers, the failure point advanta- 
geously will not be a straight line. 

[0047] As deposited by cutting apparatus 600 or 601, 
the cut carbon and glass fibers, referred to herein as a 
"charge," include entrapped air, providing a three-dimen- 
sional deposit that exhibits a degree of "loft." Charge 900 
may be, for example, on the order of 1.5 inches or about 
38-40 mm in height. As explained in more detail below, 
the charge comprises an arrangement of discontinuous 
or discrete cut fibers that results in a non-uniform fiber 
fraction. By "fiber fraction" is meant the percentage of 
fiber per unit volume, V;. In any volume of charge 900, 
the distribution of the fiber throughout that volume is not 
uniform. 

[0048] An exemplary charge 900 as deposited with loft 
is illustrated in FIG. 9A. As explained above, fibers, such 
as glass and carbon fibers, are cut into discrete lengths 
by apparatus 600, and are fired from apparatus 600 under 
velocity from air movers 670. Consequently, charge 900 
includes fibers that extend through the charge three-di- 
mensionally at an angle in the "Z" direction as shown in 
FIG. 9A. For example, as shown in FIG. 9A, fiber 902 
overlays fiber 906 and extends under fiber 904. As such, 
charge 900 includes fibers that are at an angle in three 
dimensions, and charge 900 is not layered in two dimen- 
sions like a textile. Cutting the fibers to shorter lengths 
increases the number of fibers that are at an angle in the 
Z direction. The longer the fibers get, the more they tend 
to fall, rather than penetrate through the charge. 

[0049] Having fibers that are at an angle in the Z direc- 
tion, such as fiber 902, advantageously provides fibers 
that hold the other fibers together. Fibers in the Z direction 
provide a fiber-to-fiber interface that increases the inter- 
laminar shear of the material. Consequently, inter-lami- 
nar shear is not solely governed by the resin in the com- 
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length of fiber, preferably stiff fiber such as carbon fiber, 
which may be referred to as a carbon fiber tow or carbon 
tow. Plunger 720 is depressed to force epoxy paste 740 
(for example, epoxy with or without magnetic particles) 
out though nozzle 760. The carbon fiber tow may be con- 
figured to move front to back (i.e., into and out of the 
plane of the cross-section shown in FIG. 7) while nozzle 
760 is moved left to right through operation of the servo 
control. In so doing, a ridge of epoxy paste is deposited 
on the carbon fiber tow that has sufficient viscosity not 
to wet out, and provides a good concentration of the mag- 
netic particles. As would be readily apparent to one skilled 
in the art, apparatus 700 could be configured in a number 
of ways to accommodate the relevant movement be- 
tween the carbon fiber and the dispensing apparatus it- 
self. Preferably, apparatus 700 is applying the epoxy to 
the elongate lengths of fiber just prior to the fiber entering 
cutting apparatus 600 or 601. 

[0043] In other embodiments, the epoxy may include 
other particles instead of or in addition to magnetic par- 
ticles. For example, ceramic platelets may be added to 
the epoxy and applied to the fiber. Such ceramic platelets 
may be silica or alumina, and would appear as irregularly 
shaped flat flakes. Rubberized particles may also be 
used. Preferably, the epoxy with particles is applied to 
the stiffer fiber. For example, in the case of carbon and 
glass fibers, the epoxy with magnetic particles would be 
applied to the carbon fibers, but not to the glass fibers. 
In other embodiments, the epoxy with magnetic and/or 
other types of particles may be applied to more than one 
fiber type. Use of apparatus 700 to apply the epoxy to 
the fibers allows for control of the resin content in the 
finished composite material by controlling the amount of 
epoxy dispensed onto the fiber. Generally, the "drier" the 
composite material (drier referring to lower resin content), 
the better the ballistic performance because more fibers 
can move and stretch as there is less resin present to 
hold the fiber in place. 

[0044] In an alternative embodiment of the present in- 
vention, epoxy in powder form may be used. In such an 
embodiment, epoxy powder is sprayed while simultane- 
ously cutting the fibers. For example, cutting apparatus 
600 as shown in FIG. 6A may be configured with a powder 
sprayer on the bottom of housing 680. In such an em- 
bodiment, a fluidized bed may be used to get the epoxy 
powder in suspension, which is then pumped as a fluid- 
ized mass. A burner is provided to heat the air from air 
movers 670. The heated air and the epoxy powder are 
pumped through a tube so that the heated air can warm 
the epoxy powder, making the epoxy powder particles 
sticky or tacky, enabling the fibers being simultaneously 
cut by cutting apparatus 600 to stick to the mold or tool. 
The resin content can be controlled, for example, by con- 
trolling the rate of pumping the epoxy powder into the 
heated air tube. As known to one skilled in the art, epoxy 
powder can be formed by mixing the resin and hardener, 
casting the solid form into a block, and grinding the block 
into powder form. The use of liquid epoxy and apparatus 
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[0052] FIG. 8 is an exploded isometric view of a vac- 
uum compression tool 800 useful in the production of a 
composite layer of the present invention. Tool 800 in- 
cludes a top plate 802 and a bottom plate 804. Bottom 
plate 804 may provide a support base and be affixed to 
a vacuum press. Bottom plate 804 includes a groove 810 
in which is placed a vacuum seal 812, such as a silicon 
seal. Bottom plate 804 also includes a depression 820 
into which will be placed a charge of cut fibers, such as 
charge 900 illustrated in FIG. 9A and described above. 
Tool 800 also includes a clamp plate 830 disposed be- 
tween top plate 802 and bottom plate 804. Preferably, 
clamp plate 830 is spring loaded (spring not shown in 
FIG. 8). 

[0053] In operation, charge 900 is placed or deposited 
within depression 820. Spring-loaded clamp plate 830 
holds charge 900 in place within depression 820. Top 
plate 802 is lowered until it contacts vacuum seal 812. 
Vacuum is then applied, and top plate 802 continues to 
be lowered until itis mated with bottom plate 804, at which 
point the tool is completely closed, and charge 900 is 
compressed. Vacuum is continued to be applied so that 
the air is all or partially removed from charge 900. A 
charge after application of vacuum, such as through tool 
800, is shown in FIG. 9B (identified as 920). In contrast 
with charge with loft 900 shown in FIG. 9A, charge 920 
after application of vacuum and compression through the 
use of tool 800 has some or all of the air removed and is 
reduced in height. 

[0054] Once the tool is closed, heat is applied to the 
charge, thereby also heating the resin in the charge. For 
example, a charge containing carbon and glass fibers 
and epoxy was heated to approximately 60°C for about 
2-3 minutes. The charge is retained within the heated 
compression tool 800 long enough to get the epoxy resin 
to be sticky or tacky, but not long enough to initiate the 
curing process, to thereby form what will be referred to 
herein as a composite preform. As discussed above, the 
charge, and hence the resulting composite preform, have 
a non-uniform fiber fraction, V;. The composite preform 
is preferably cured in a subsequent curing step. In a pre- 
ferred method of the present invention, the curing step 
is carried out during assembly of the final structure being 
made, such as during assembly of a vehicle body as de- 
scribed below with respect to FIG. 11. 

[0055] As would be readily appreciated by one skilled 
in the art, tool 800 could be configured to form many 
different three-dimensional shapes of many different siz- 
es. The size and shape of tool 800 can be adjusted to 
prepare, for example, some or all of the components of 
the vehicle body shown, for example, in FIGS. 5A and 
5B. Alternatively, tool 800 could be used for making other 
types of objects made from composite layer 113 of the 
present invention, such as inserts for vests and other 
personal garments to provide impact and blast protection 
for military and security personnel. In addition, as would 
be readily apparent to one skilled in the art, the vacuum 
and pressure applied with the use of tool 800 can be 
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posite material, which is advantageous as fiber is con- 
siderably stronger than the resin. As discussed above, 
the fibers cut by apparatus 600 as shown in FIG. 6A are 
fired from apparatus 600 in a random fashion without 
alignment. If fibers are cut with an apparatus configured 
for providing alignment of the fibers, such as with appa- 
ratus 600 configured with housing 682 illustrated in FIG. 
6B, or apparatus 601 illustrated in FIG. 6C, there will still 
be fibers in the Z direction, but there will be less of them 
than when random fibers are produced. 

[0050] The fibers illustrated in charge 900 in FIG. 9A 
have a random configuration, with little or no alignment, 
such as produced through apparatus 600 illustrated in 
FIG. 6A. Fibers cut using an apparatus that provides for 
fiber alignment, such as apparatus 600 configured with 
housing 682 illustrated in FIG. 6B, or apparatus 601 [- 
lustrated in FIG. 6C, will form a composite material with 
a higher fiber fraction, that is, ahigher percentage of fiber 
per unit volume. The higher the degree of alignment, the 
higher the fiber fraction. A fiber fraction for random fibers 
would typically be about 50%, and a fiber fraction for 
aligned fibers would be on the order of about 60-64%. A 
higher fiber fraction, and the resulting higher tensile 
strength, may be advantageous for material that provides 
ballistic protection, such as from projectile impact. 
[0051] The composite material of the present inven- 
tion, such as composite layer 113 illustrated in FIGS. 1 
and 2, is discontinuous in that the fibers are not in con- 
tinuous layers, but rather, are in discrete lengths, with no 
discrete boundaries between layers of fibers. The com- 
posite material may be made from fibers of different 
lengths. For example, when carbon and glass fibers are 
being used, the carbon fibers may be of a different length 
than the glass fibers, or as another alternative, varying 
lengths of carbon fibers or varying lengths of glass fibers 
may be used. The composite material of the present in- 
vention may also include a random arrangement of fibers, 
or fibers that are all or partially aligned, or a mixture of 
random and aligned fibers. The composite material may 
be made from a plurality of fiber types, including but not 
limited to, carbon fibers, glass fibers, aramid fibers, ther- 
moplastic fibers such as polyester fibers, natural fibers 
such as hemp, and aromatic polyamide fibers. Two, 
three, or more fiber types may be used in making the 
composite material. Advantageously, the composite ma- 
terial of the present invention has a non-uniform fiber 
fraction, V;. That is, in any volume of the composite ma- 
terial, the distribution of the fiber throughout that volume 
is not uniform. Some portions of the volume will be more 
fiber rich than other portions, and some portions will be 
more resin rich than other portions. Therefore, the inter- 
laminar shear will vary depending upon whether the por- 
tion is more fiber rich ("drier") or more resin rich. The 
higher the fiber fraction (more fiber rich), the higher the 
inter-laminar shear, and the energy required to split it 
apart is higher. The higher the fiber fraction, the better is 
the ballistic performance, that is, the better the ability to 
provide protection from projectile impact. 
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earlier crack propagation through the composite materi- 
al, thereby increasing the ability of the composite material 
to absorb energy. One way to increase the size of the 
resin-rich areas of the composite material is to increase 
the number of carbon fibers used. For example, compos- 
ite material made in accordance with the present inven- 
tion using a bundle of 12,000 carbon fibers resulted in 
larger resin-rich areas than did composite material made 
using a bundle of 3,000 carbon fibers. 

[0060] As described above, the multi-layer material of 
the present invention includes a hard metal layer, such 
as hard metal layer 111, and the multi-layer material may 
be used to form vehicles, such as those illustrated in 
FIGS. 5A and 5B. In order to form the complex three- 
dimensional structures that may be required in making 
vehicles from the multi-layer material of the present in- 
vention, a method for forming a three-dimensional metal 
structure has been developed that can be used on hard 
metal, such as bainite steel or RHA steel. The method is 
particularly advantageous as it reduces the number of 
weld operations needed to assemble the vehicle. 
[0061] With reference now to FIG. 10A, a hard metal 
sheet blank 1000 in a two-dimensional state is shown. A 
plurality of slots 1002 and 1004 are formed in sheet blank 
1000. In one embodiment, slots 1002 and 1004 do not 
completely penetrate a thickness of sheet blank 1000, 
that is, they do not go all the way through the sheet. In- 
terposed between adjacent slots 1002 and slots 1004 
are a plurality of straps 1006 of solid metal material. 
[0062] Two fold lines, A-A and B-B are illustrated in 
FIG. 10A. As shown in FIG. 10A, fold lines A-A and B-B 
are not perpendicular to any of straps 1006, slots 1002, 
or slots 1004. Rather, fold lines A-A and B-B form an 
angle a with straps 1006, slots 1002, and slots 1004. In 
one embodiment, angle a formed by fold lines A-A or B- 
B with straps 1006 may be in the range of from about 35° 
to about 45°. As shown in FIG. 10A, slots 1002 cross fold 
lines A-A and B-B, whereas slots 1004 do not cross the 
fold lines. 

[0063] To form a three-dimensional metal structure 
from sheet blank 1000 shown in FIG. 10A, portion X of 
sheet blank 1000 is bent toward portion Y around fold 
line A-A, and portion Y is bent toward portion X around 
fold line B-B. The resulting three-dimensional metal 
structure 1020 is illustrated in FIG. 10B. Portion Z of sheet 
blank 1000 appears in three-dimensional structure 1020, 
portions X and Y having been folded around fold lines A- 
A and B-B so that they are beneath surface Z in three- 
dimensional structure 1020. FIG. 10B also illustrates slot 
1022, the result of a slot 1002 that crosses a fold line that 
widens on the surface furthest away from the fold line as 
a result of the folding operation. 

[0064] The method of forming a three-dimensional 
metal structure of the present invention was developed 
to allow the folding of sheet material with low force and 
a significantly tighter internal bend radius than conven- 
tional methods. The method permits the design of highly 
complex folded structures for various applications, in- 
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varied, as can the architecture of fiber that is used (for 
example, use of all carbon fibers, all glass fibers, or other 
differing fiber types, or alignment of the fibers). 

[0056] The characteristics of the composite material 
formed through the use of tool 800 can be varied by ad- 
justing one or more of three variables: 1) amount of vac- 
uum applied that reduces the amount of trapped air in 
charge 900; 2) amount of pressure or compression push- 
ing the air from the charge (compression is typically need- 
ed as there is no easy air path due to the random nature 
of the fibers in the charge); and 3) type of fibers in the 
preform, which affects the size of the resin-rich areas. 
Because resin is weaker than fiber, cracks will start in 
the resin. 

[0057] To provide optimal ballistic protection perform- 
ance, it is desirable to have the finished composite ma- 
terial act like a "catcher’s mitt" in baseball as the round 
hits the composite material. That is, as the ball hits the 
mitt the mitt keeps moving in the direction of ball travel, 
reducing the speed of the ball. It is desirable to do the 
same with the composite material - stretch the fiber, and 
get inter-laminar failure of the resin and fiber interface. 
Both stretching and inter-laminar failure slow the round 
down, and it is desirable to increase the area in which 
stretching and inter-laminar failure occur. 

[0058] Unlike conventional composite material, the 
composite material of the present invention purposefully 
includes imperfections so that micro-cracks will form ear- 
lier than in a conventional composite when the composite 
material is loaded from, for example, an incoming pro- 
jectile. Most conventional composites are configured to 
be "void free" to minimize crack propagation. A composite 
that includes imperfections that lead to micro-crack prop- 
agation would provide improved ballistic performance. 
For example, it is desirable from the perspective of bal- 
listic protection to initiate a crack in the composite mate- 
rialas around or projectile penetrates the composite ma- 
terial. For example, the operation of vacuum compres- 
sion tool 800 can be adjusted to leave some air or voids 
in the composite layer so that micro-cracks will form that 
are able to absorb a larger amount of energy. As would 
be appreciated by one skilled in the art, if the number of 
voids is too high, then the composite layer will not provide 
sufficient structural or ballistic protection performance. A 
void content on the order of less than about 10% by vol- 
ume, such as 2-4%, 4-6%, 6-8% or 8-10%, is believed 
to provide improved ballistic performance. Preferably, 
the void content is uniformly distributed within the com- 
posite material. By varying the level of vacuum and pres- 
sure used with vacuum compression tool 800 the level 
(e.g., percent by volume) of the voids in the composite 
material can be controlled, thereby providing a way to 
vary or control the ballistic performance of the composite 
material. 

[0059] As would be recognized by one skilled in the 
art, the weakest part of the composite material is the 
epoxy, thatis, the resin. By increasing the resin-rich areas 
of the composite material, it may be possible to have 
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1006 in FIG. 10ል) are a constant thickness all the way 
through across the sheet of metal material. 

[0067] As would be readily appreciated by one skilled 
the art, the shape and size of the blank can be varied, 
as can the size, number, location, and orientation ofthe 
slots, in order to form three-dimensional metal structures 
of various shapes and sizes. For example, the slot meth- 
od of the present invention could be used to form door 
frames and other parts of vehicles 500 illustrated in FIGS. 
5A and 5B. In addition, a spray coat such as plasma 
coating 411 described above could be applied to three- 
dimensional metal structures produced by the slot meth- 
od of the present invention. The present invention ad- 
vantageously provides a method of forming parts that 
necessitate the part being folded back on itself, such 
parts being difficult t make with conventional methods 
and tooling. The slot method of the present invention is 
particularly advantageous in applications where thick 
metals are needed, such as in military and security ap- 
plications. The slot method of the present invention ad- 
vantageously provides a precision process to form parts 
from thick, hard metal. As would be readily appreciated 
by one skilled in the art, the slot method of the present 
invention can be used to form three-dimensional metal 
structures for a variety of applications and uses, includ- 
ing, but not limited to, vehicles, bridges, highway sup- 
ports, structural supports for buildings, and the like. 
[0068] An exemplary process of the present invention 
for assembling a vehicle body or portion thereof using 
the materials of the present invention will now be de- 
scribed. The vehicle body may be assembled, for exam- 
ple, from one or more plasma coated steel panels, such 
as hard metal layer 111 to which plasma coating 411 has 
been applied. One or more of the plasma coated steel 
panels may be a steel sheet blank folded in accordance 
with the slot method of the present invention to which 
plasma coating 411 has been applied. Less than all, pref- 
erably all but one, of the various plasma coated steel 
panels forthe vehicle body are welded together ina man- 
ner known to one skilled in the art to form a steel shell 
with an opening. At least one plasma coated steel panel 
is left off, preferably the rear panel that forms the rear of 
the vehicle body, in order to provide access into the in- 
terior ofthe vehicle body. The interior surface ofthe weld- 
ed plasma coated steel panels forming the steel shell is 
then sprayed with a contact adhesive that will hold the 
various composite preforms in place. Suitable contact 
adhesives include those that do not react with the epoxy 
resin in the composite preforms, such as 3M Spray Mount 
(an aerosol spray adhesive). The contact adhesive forms 
a tacky or sticky surface on the interior surface of the 
steel shell to which the composite preforms are adhered. 
The composite preforms are preferably made using the 
methods and apparatus described above, and each pref- 
erably comprises an epoxy and a plurality of fiber types 
with anon-uniform fiber fraction. Adjacent composite pre- 
forms, such as, for example, the composite preforms on 
the front of the vehicle and composite preforms on the 
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cluding vehicles made from the multi-layer material of 
the present invention. The geometry of the slots gener- 
ates a precise fold region with the material in the fold 
region experiencing a combination of plain strain and lim- 
ited shear strain. The combination of twisting and natural 
folding allows the slot method of the present invention to 
work with high tensile strength and brittle materials, which 
otherwise would not be able to be folded without fracture. 
An important aspect of the method of the present inven- 
tion is that the slots (e.g., slots 1002 and 1004) are not 
parallel to the fold line (e.g., fold lines A-A and B-B shown 
in FIG. 10A), and straps, e.g., straps 1006 shown in FIG. 
10A, are not perpendicular to the fold line, but rather, are 
at an angle a to the fold line. Consequently, when the 
sheet blank is folded around the fold lines, the sheet 
straps twist, but they do not bend. The sheet blank as a 
whole is folded, and the sheet straps twist around the 
fold lines. In conventional methods of bending sheet met- 
al, as set forth, for example, in U.S. Patent Nos. 
6,640,605 and 6,481,259, the straps are perpendicular 
to the bend line, and the thinned regions or slits are par- 
allel to, and do not cross, the bend line. In the present 
invention, the angle of the straps with respect to the fold 
line is a function of how brittle the metal material is, as 
well as the thickness of the sheet of metal material. More 
brittle metal will have a smaller angle, and less brittle 
(more ductile) metal will have a larger angle. For exam- 
ple, an angle of 35° is suitable for a hard brittle steel such 
as bainite steel, while an angle of 45° is suitable for a 
more ductile metal like copper or aluminum. 

[0065] In an exemplary embodiment, sheet blank 1000 
would be in the range of about 1/4" thick for bainite steel, 
and 4-4.5 mm thick for RHA steel. As would be readily 
appreciated by one skilled in the art, other thicknesses 
of hard metal sheet blanks could be used. It should be 
appreciated, however, that as the sheet blank is folded 
around the fold line, if the slot closes up such that the 
opposing surfaces contact each other, the sheet blank 
cannot be folded further around the fold line, unless the 
slot is widened. As would be understood by one skilled 
in the art, the longer the fold line, the greater the number 
of straps of solid metal material that have to be twisted 
around the fold line. Consequently, the number of straps 
could become a factor limiting the length of a fold line. 
[0066] ልበ advantage of the slot method of the present 
invention over conventional methods is eliminating the 
need to account for a bend allowance, that is, the stretch- 
ing of material when it is bent or folded in a conventional 
manner. In a conventional method, thinning forms the 
bend, and, as a result, compensation must be made for 
bend allowance. Moreover, metals get harder with age, 
and the bend allowance is different on old metal material 
than it is on new metal material. These differences are 
typically fractions of a millimeter, but these differences 
stack up in the bend allowance. Because the slot method 
of the present invention does not rely on thinning to form 
a bend, no compensation need be made for bend allow- 
ance. In particular, the straps of solid metal (e.g., straps 
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coated steel panels. The composite adhered steel shell 
is removed after the dwell time is complete, and is allowed 
to cool. The sealant tape securing the film (for example, 
sealant tape 1150 illustrated in FIG. 11) is removed, and 
the remaining parts of the vehicle body can be assem- 
bled. The release ply and film may optionally be removed 
as well. 

[0072] In another embodiment of the vehicle body as- 
sembly process of the present invention, the vehicle body 
or portion thereof may be painted while the composite 
adhered steel shell is in a vehicle paint oven to cure the 
composite preforms. In such an embodiment, a step of 
applying paint to the composite adhered steel shell can 
be carried out during the step of heating the composite 
adhered steel shell in an oven to cure the composite pre- 
forms. 

[0073] To facilitate further assembly of the vehicle, in- 
serts may be formed into the composite preforms to be 
used for attachment of, for example, DY NEEMA® panels 
or other parts on the interior of the vehicle. For example, 
the mold tool used to form a composite preform may in- 
clude a hole into which is inserted a threaded stem such 
as a bolt. A nylon peg is placed over the threaded stem, 
and the composite preform is made with the nylon peg 
in place. Once the composite preform is complete, the 
nylon peg is removed. The nylon peg prevents the epoxy 
resin from gumming up and interfering with the threads, 
and can be readily removed without damaging the 
threads. Such a threaded stem or bolt could then be used 
to attach DYNEEMA® panels (such as innermost layer 
117) on the inside of the vehicle, or, for example, provide 
a mounting for the steering column and wheel. Building 
in such attachment points when fabricating the composite 
preforms advantageously avoids having to cut through 
or weld to the plasma coated steel panels. 


Claims 


1. A multi-layer material for a vehicle body or hull, ves- 
sel hull, or aircraft fuselage, the multi-layer material 
providing blast and projectile impact protection, com- 
prising: 


an outermost layer comprising ceramic tiles, 
wherein said outermost layer includes an impact 
receiving side and an inner side, wherein a pro- 
jectile impacting the multi-layer material pro- 
ceeds from said impact receiving side of said 
outermost layer in an inward direction toward 
said inner side; 

an innermost layer comprising ballistic material 
selected from the group consisting of aramid fib- 
ers, aromatic polyamide fibers and ultra-high 
molecular weight polyethylene, wherein said in- 
nermost layer is spaced apart inwardly from said 
inner side of said outermost layer; 

a polymeric honeycomb layer; 
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side of the vehicle, are preferably joined through the use 
of a scarf joint. As would be readily apparent to one skilled 
in the art, such a scarf joint provides a long overlap and 
mating surface that can be adjusted in relation to the 
other due to tolerances or change in length of one of the 
composite preform parts. In addition, the tapered edges 
associated with a scarf joint can readily be made using 
the method of making a composite preform as described 
herein, or other suitable methods, as tapered edges do 
not need to be molded into a composite preform like a 
square edge. After the composite preforms are adhered 
to the interior surface of the steel shell by contacting them 
with the contact adhesive, the remaining one (or more) 
of the plasma coated steel panels (e.g., the rear panel) 
is welded to the steel shell to thereby close the opening. 
[0069] In a next step, a heat stabilized nylon film, such 
as a CAPRAN® film made by Honeywell Inc., Morristown, 
NJ, is inserted into the interior of the vehicle (through, for 
example, the opening where the roof will be installed or 
a hole in a previously attached roof). A vacuum is applied 
to remove the air between the film and the composite 
preforms, thereby pulling the composite preforms toward 
the plasma coated steel panels to thereby form a com- 
posite adhered steel shell. The film could be left in the 
vehicle body in areas other than the location of windows 
or doors, or it could be removed, for example, by using 
a release ply between the composite preforms and the 
film. 

[0070] An exemplary illustration of the use of the film 
is shown in FIG. 11, which provides a cross-sectional 
view of an exemplary portion of a vehicle body of the 
present invention during assembly. As shown in FIG. 11, 
composite preform 1120 is stuck or adhered to plasma 
coated steel panel 1110 through the use of a spray ad- 
hesive as described above. A release ply 1130 may be 
used between composite preform 1120 and film 1140, 
which is sealed to plasma coated steel panel 1110 with 
seal tape 1150. As shown in FIG. 11, vacuum is applied 
to remove the air, thereby pulling composite preform 
1120 to plasma coated steel panel 1110 to thereby form 
2 composite adhered steel shell. 

[0071] Once the composite preforms are stuck or ad- 
hered to the plasma coated steel panels, such as through 
the use of the film and vacuum process as shown in FIG. 
11, the composite adhered steel shell that will form the 
vehicle body is placed in an oven, for example a vehicle 
paint oven, to heat the composite adhered steel shell in 
order to cure the epoxy resin in the composite preforms. 
The composite preforms need to be at a uniform temper- 
ature at the point the resin begins to flow, which is about 
70°C. The temperature is then ramped up to about 130°C 
over a period of time, depending upon the thickness of 
the plasma coated steel panels. The composite adhered 
steel shell remains in the oven for a dwell time of approx- 
imately 10-20 minutes, using a dwell or curing tempera- 
ture of about 130°C. During this time, the resin runs into 
the plasma coat on the steel panels and forms a good 
bond between the composite preforms and the plasma 
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The multi-layer material of Claim 1, wherein said in- 
nermost layer comprises ultra-high molecular weight 
polyethylene, optionally wherein said innermost lay- 
er is about 6 mm. 


A method for assembling a vehicle body or portion 
thereof, comprising multi-layer material according to 
claim 1, said multi-layer material providing blast and 
projectile impact protection, the method comprising: 


applying a plasma coating to one side of each 
of a plurality of steel panels to form a plurality of 
plasma coated steel panels; 

welding together less than all of the plurality of 
plasma coated steel panels to form a steel shell 
with an opening; 

applying a contact adhesive to an interior sur- 
face of the steel shell; 

contacting a plurality of composite preforms to 
the contact adhesive to thereby adhere the plu- 
rality of composite preforms to the interior sur- 
face of the steel shell, wherein each of the plu- 
rality of composite preforms comprises an epoxy 
and a plurality of fiber types and has a non-uni- 
form fiber volume fraction; 

inserting a film into the steel shell; 

applying a vacuum to remove air between the 
film and the plurality of composite preforms to 
form a composite adhered steel shell; and 
heating the composite adhered steel shell in an 
oven to thereby cure the composite preforms. 


The method of Claim 13, further comprising: 


applying paint to the composite adhered steel 
shell during the step of heating the composite 
adhered steel shell in the oven. 


The method of Claim 13, further comprising: 


subsequent to the contacting step, welding the 
remaining one or more of the plurality of plasma 
coated steel panels to the steel shell to thereby 
close the opening. 


The method of Claim 13 or Claim 14, wherein each 
of the plurality of composite preforms is produced by 
a method comprising: 


applying an epoxy to elongate lengths of at least 
one fiber type; 

cutting the elongate lengths of the at least one 
fiber type and elongate lengths of others of the 
plurality of fiber types into shorter lengths of fiber 
to form a charge, wherein the applying step is 
carried out just prior to the cutting step; 
removing at least a portion of air entrapped in 
the charge; and 
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a steel layer; 

a composite layer comprising carbon fiber and 
glass fiber, wherein said composite layer has a 
non-uniform fiber volume fraction; and 

an air gap layer disposed between said inner- 
most layer and said composite layer, wherein 
said steel layer is disposed between said com- 
posite layer and said polymeric honeycomb lay- 
er and said polymeric honeycomb layer is dis- 
posed between said steel layer and said inner 
side of said outermost layer. 


The multi-layer material of Claim 1, further compris- 
ing a plasma coating disposed on a side of said steel 
layer facing said composite layer. 


The multi-layer material of Claim 1, further compris- 
ing a plurality of ceramic pellets disposed within said 
polymeric honeycomb layer. 


The multi-layer material of Claim 1, wherein said pol- 
ymeric honeycomb layer comprises: 


(a) polycarbonate; or 
(b) polyetherimide. 


The multi-layer material of Claim 1 or Claim 2, where- 
in said steel layer comprises bainite. 


The multi-layer material of Claim 1, further compris- 
ing a second air gap layer disposed between said 
steel layer and said polymeric honeycomb layer. 


The multi-layer material of Claim 1, wherein said 
composite layer further comprises an epoxy resin. 


The multi-layer material of Claim 1, wherein a weight 
ratio of carbon fiber to glass fiber in said composite 
layer is about 1:1 or about 1:1.5. 


The multi-layer material of Claim 8, wherein a weight 
ratio of carbon fiber to glass fiber in said composite 
layer is about 1:1 and said glass fiber is S-2 glass 
fiber. 


The multi-layer material of Claim 1, wherein a cross- 
section of said multi-layer material is less than about 
100 mm. 


The multi-layer material of Claim 10, wherein: 


(i) said outermost layer is about 12 mm; 

(ii) said polymeric honeycomb layer is about 40 
mm; 

(iii) said steel layer is about 6 mm; 

(iv) said composite layer is about 19 mm; 

(v) said air gap layer is about 12 mm; and/or 
(vi) said innermost layer is about 6 mm. 
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Mehrschichtmaterial nach Anspruch 1, ferner um- 
fassend eine zweite Luftspaltschicht, angeordnet 
zwischen der Stahlschicht und der Polymerwaben- 
schicht. 


Mehrschichtmaterial nach Anspruch 1, wobei die 
Verbundschicht ferner ein Epoxidharz umfasst. 


Mehrschichtmaterial nach Anspruch 1, wobei ein 
Gewichtsverhältnis von Kohlefasern zu Glasfasern 
in der Verbundschicht etwa 1:1 oder etwa 1:1,5 be- 
trägt. 


Mehrschichtmaterial nach Anspruch 8, wobei ein 
Gewichtsverhältnis von Kohlefasern zu Glasfasern 
in der Verbundschicht etwa 1:1 beträgt und die Glas- 
fasern S-2-Glasfasern sind. 


Mehrschichtmaterial nach Anspruch 1, wobei ein 
Querschnitt des Mehrschichtmaterials weniger als 
etwa 100 mm misst. 


Mehrschichtmaterial nach Anspruch 10, wobei: 


(i) die Außenschicht etwa 12 mm misst; 

(ii) die Polymerwabenschicht etwa 40 mm misst; 
(iii) die Stahlschicht etwa 6 mm misst; 

(iv) die Verbundschicht etwa 19 mm misst; 

(v) die Luftspaltschicht etwa 12 mm misst; 
und/oder 

(vi) die Innenschicht etwa 6 mm misst. 


Mehrschichtmaterial nach Anspruch 1, wobei die In- 
nenschicht ultrahochmolekulares Polyethylen um- 
fasst, wobei die Innenschicht optional etwa 6 mm 
misst. 


Verfahren zum Zusammenfügen eines Fahrzeug- 
körpers oder eines Teils davon, umfassend Mehr- 
schichtmaterial nach Anspruch 1, wobei das Mehr- 
schichtmaterial Explosions- und Projektileinschlag- 
schutz bereitstellt, wobei das Verfahren Folgendes 
umfasst: 


Aufbringen einer Plasmabeschichtung auf eine 
Seite von jeder von mehreren Stahlplatten, um 
mehrere plasmabeschichtete Stahlplatten aus- 
zubilden; 

Zusammenschweißen von weniger als allen der 
mehreren plasmabeschichteten Stahlplatten, 
um eine Stahlhülle mit einer Öffnung auszubil- 
den; 

Aufbringen eines Kontaktklebers auf eine In- 
nenoberfläche der Stahlhülle; 
Inberührungbringen mehrerer Verbundvorform- 
linge mit dem Kontaktkleber, um somit die meh- 
reren Verbundvorformlinge an die Innenoberfla- 
che der Stahlhülle zu kleben, wobei jeder der 
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heating the charge to form a composite preform, 
wherein the composite preform has a non-uni- 
form fiber volume fraction. 


Patentansprüche 


Mehrschichtmaterial für eine/n Fahrzeugkörper oder 
-hülle, eine Wasserfahrzeughülle oder einen Flug- 
zeugrumpf, wobei das Mehrschichtmaterial Explosi- 
ons- und Projektileinschlagschutz bereitstellt, Fol- 
gendes umfassend: 


eine Außenschicht, umfassend Keramikfliesen, 
wobei die Außenschicht eine Einschlag aufneh- 
mende Seite und eine Innenseite enthält, wobei 
ein auf das Mehrschichtmaterial einschlagen- 
des Projektil sich von der Einschlag aufnehmen- 
den Seite der Außenschicht in einer Richtung 
nach innen zur Innenseite hin bewegt; 

eine Innenschicht, umfassend ballistisches Ma- 
terial, ausgewählt aus der Gruppe bestehend 
aus Aramidfasern, aromatischen Polyamidfa- 
sern und ultrahochmolekularem Polyethylen, 
wobei die Innenschicht von der Innenseite der 
Außenschicht aus nach innen hin beabstandet 
ist; 

eine Polymerwabenschicht; 

eine Stahlschicht; 

eine Verbundschicht, umfassend Kohlefasern 
und Glasfasern, wobei die Verbundschicht eine 
Fraktion mit nichteinheitlichem Faservolumen 
aufweist; und 

eine Luftspaltschicht, angeordnet zwischen der 
Innenschicht und der Verbundschicht, wobei die 
Stahlschicht zwischen der Verbundschicht und 
der Polymerwabenschicht angeordnet ist und 
die Polymerwabenschicht zwischen der Stahl- 
schicht und der Innenseite der Außenschicht an- 
geordnet ist. 


Mehrschichtmaterial nach Anspruch 1, ferner um- 
fassend eine Plasmabeschichtung, angeordnet auf 
einer Seite der Stahlschicht, die zur Verbundschicht 
hin weist. 


Mehrschichtmaterial nach Anspruch 1, ferner meh- 
rere in der Polymerwabenschicht angeordnete Ke- 
ramikpellets umfassend. 


Mehrschichtmaterialnach Anspruch 1, wobei die Po- 
lymerwabenschicht Folgendes umfasst: 


(a) Polycarbonat; oder 
(b) Polyetherimid. 


Mehrschichtmaterial nach Anspruch 1 oder 2, wobei 
die Stahlschicht Bainit umfasst. 


1. 
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une couche la plus externe comprenant des car- 
reaux de c&ramique, ladite couche la plus ex- 
terne incluant un cóté récepteur d’impact et un 
cóté interne, un projectile impactant le matériau 
multicouche allant dudit cóté récepteur d'impact 
de ladite couche la plus externe vers ledit cóté 
interne dans une direction vers l'intérieur ; 

une couche la plus interne comprenant un ma- 
tériau balistique choisi dans le groupe composé 
des fibres d'aramide, fibres de polyamide aro- 
matique et du polyéthylene de masse molécu- 
laire ultra élevée, ladite couche la plus interne 
étant espacée vers l’interieur dudit cóté interne 
de ladite couche la plus externe ; 

une couche en nid d’abeilles polymerique ; 
une couche d’acier ; 

une couche composite comprenant de la fibre 
de carbone et de la fibre de verre, ladite couche 
composite ayant une fraction en volume de fibre 
non uniforme ; et 

une couche de lame d'air disposée entre ladite 
couche la plus interne et ladite couche compo- 
site, ladite couche d’acier étant disposée entre 
ladite couche composite et ladite couche en nid 
d'abeilles polymérique et ladite couche en nid 
d’abeilles polymérique étant disposée entre la- 
dite couche d’acier et ledit cöte interne de ladite 
couche la plus externe. 


Matériau multicouche selon la revendication 1, com- 
prenant en outre un revétement de plasma disposé 
sur un cöte de ladite couche d’acier en regard de 
ladite couche composite. 


Matériau multicouche selon la revendication 1, com- 
prenant en outre une pluralité de pastilles de céra- 
mique disposées au sein de ladite couche en nid 
d’abeilles polymérique. 


Matériau multicouche selon la revendication 1, dans 
lequel ladite couche en nid d’abeilles polymérique 
comprend : 


(a) du polycarbornate ; ou 
(b) du polyétherimide. 


Matériau multicouche selon la revendication 1 ou la 
revendication 2, dans lequel ladite couche d’acier 
comprend de la bainite. 


Matériau multicouche selon la revendication 1, com- 
prenant en outre une seconde couche de lame d’air 
disposée entre ladite couche d’acier et ladite couche 
en nid d’abeilles polymérique. 


Matériau multicouche selon la revendication 1, dans 
lequel ladite couche composite comprend en outre 
une résine époxy. 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


16 


mehreren Verbundvorformlinge ein Epoxid und 
mehrere Fasertypen umfasst und eine Fraktion 
mit nichteinheitlichem Faservolumen aufweist; 
Einfügen einer Folie in die Stahlhülle; 

Anlegen eines Unterdrucks, um Luft zwischen 
der Folie und den mehreren Verbundvorformlin- 
gen zu entfernen, um eine verbundhaftende 
Stahlhülle auszubilden; und 

Erwärmen der verbundhaftenden Stahlhülle in 
einem Ofen, um somit die Verbundvorformlinge 
zu härten. 


14. Verfahren nach Anspruch 13, ferner Folgendes um- 


fassend: 


Aufbringen von Lack auf die verbundhaftende 
Stahlhülle während des Schrittes des Erwär- 
mens der verbundhaftenden Stahlhülle in dem 
Ofen. 


15. Verfahren nach Anspruch 13, ferner Folgendes um- 


fassend: 


nach dem Schritt des Inberührungbringens, 
Schweißen des verbleibenden einen oder der 
mehreren der mehreren plasmabeschichteten 
Stahlplatten an die Stahlhülle, um somit die Öff- 
nung zu verschließen. 


16. Verfahren nach Anspruch 13 oder 14, wobei jeder 


der mehreren Verbundvorformlinge mit einem Ver- 
fahren hergestellt wird, das Folgendes umfasst: 


Aufbringen eines Epoxids auf längliche Längen 
wenigstens eines Fasertyps; 

Schneiden der länglichen Längen des wenigs- 
tens einen Fasertyps und der länglichen Längen 
anderer der mehreren Fasertypen in kürzere 
Längen von Fasern, um eine Ladung auszubil- 
den, wobei der Schritt des Aufbringens unmit- 
telbar vor dem Schritt des Schneidens ausge- 
führt wird; 

Entfernen wenigstens eines Teils von in der La- 
dung eingeschlossener Luft; und 

Erwärmen der Ladung, um einen Verbundvor- 
formling auszubilden, wobei der Verbundvor- 
formling eine Fraktion mitnichteinheitlichem Fa- 
servolumen aufweist. 


Revendications 


Materiau multicouche pour une carrosserie ou coque 
de véhicule, une coque de vaisseau ou un fuselage 
d’aéronef, le matériau multicouche procurant une 
protection contre la déflagration et l'impact de pro- 
jectile, comprenant : 


1. 
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composites comprend un époxy et une pluralite 
de types de fibre et a une fraction en volume de 
fibre non uniforme ; 

l'insertion d'un film dans la coquille en acier ; 
l’application d'un vide pour éliminer l'air entre le 
film et la pluralité de préformes composites pour 
former une coquille en acier adhérant a ህበ 
composite ; et 

le chauffage de la coquille en acier adhérant á 
un composite dans un four pour ainsi durcir les 
préformes composites. 


Procédé selon la revendication 13, comprenant en 
outre : 


l’application d'une peinture à la coquille d'acier 
adhérant au composite durant l'étape de chauf- 
fage de la coquille en acier adhérant au compo- 
site dans le four. 


Procédé selon la revendication 13, comprenant en 
outre : 


ultérieurement a l'étape de mise en contact, le 
soudage des un ou plusieurs panneaux restants 
de la pluralité de panneaux en acier revétus de 
plasma á la coquille en acier pour ainsi fermer 
l’ouverture. 


Procédé selon la revendication 13 ou la revendica- 
tion 14, dans lequel chacune de la pluralité de pré- 
formes composites est produite par un 6 
comprenant: 


l’application d'un époxy à des longueurs allon- 
0665 d’au moins un type de fibre ; 

la découpe des longueurs allongees du au 
moins un type de fibre et de longueurs allongées 
d'autres de la pluralité de types de fibres en lon- 
gueurs plus courtes de fibre pour former une 
charge, l'étape d’application étant réalisée juste 
avant l'étape de découpe ; 

l'enlèvement d’au moins une partie de l’air piégé 
dans la charge ; et 

le chauffage de la charge pour former une pré- 
forme composite, la préforme composite ayant 
une fraction en volume de fibre non uniforme. 


14. 


15. 


16. 
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Matériau multicouche selon la revendication 1, dans 
lequel un rapport en poids entre fibre de carbone et 
fibre de verre dans ladite couche composite est d’en- 
viron 1:1 ou environ 1:1,5. 


Matériau multicouche selon la revendication 8, dans 
lequel un rapport en poids entre fibre de carbone et 
fibre de verre dans ladite couche composite est d’en- 
viron 1:1 et ladite fibre de verre est de la fibre de 
verre S-2. 


Matériau multicouche selon la revendication 1, dans 
lequel une section transversale dudit matériau mul- 
ticouche est de moins d’environ 100 mm. 


Matériau multicouche selon la revendication 10, 
dans lequel : 


(i) ladite couche la plus externe est d’environ 12 
mm ; 

(ii) ladite couche en nid d’abeilles polymérique 
est d’environ 40 mm; 

(iii) ladite couche d’acier est d’environ 6 mm ; 
(iv) ladite couche composite est d’environ 19 
mm ; 

(v) ladite couche de lame d'air est d’environ 12 
mm ; et/ou 

(vi) ladite couche la plus interne est d’environ 6 
mm. 


Matériau multicouche selon la revendication 1, dans 
lequel ladite couche la plus interne comprend du po- 
lyéthyléne de masse moléculaire ultra élevée, facul- 
tativement dans lequel ladite couche la plus interne 
est d’environ 6 mm. 


Procédé d’assemblage d’une carrosserie de véhicu- 
le ou d'une partie de celle-ci, comprenant ህበ maté- 
riau multicouche selon la revendication 1, ledit ma- 
tériau multicouche procurant une protection contre 
la déflagration et l'impact de projectile, le procédé 
comprenant : 


l'application d'un revêtement de plasma à ሀበ cô- 
té de chacun d’une pluralité de panneaux en 
acier pour former une pluralité de panneaux en 
acier revétus de plasma ; 

le soudage de moins de la totalité de la pluralité 
des panneaux d’acier revétus de plasma pour 
former une coquille en acier avec une 
ouverture ; 

application d'un adhésif de contact à une sur- 
face intérieure de la coquille en acier ; 

la mise en contact d’une pluralité de préformes 
composites avec l'adhésif de contact pour ainsi 
faire adhérer la pluralité de préformes composi- 
tes à la surface intérieure de la coquille en acier, 
dans lequel chacune dela pluralité de préformes 


10. 


11. 


12. 


13. 
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